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INTRODUCTION 


A survey  of  the  teaching  of  chemistry  in  pub- 
lic high  schools  indicates  that  courses  in  practi- 
cal chemistry  are  being  introduced  in  many  schools 
to  meet  the  needs  of  the  non-college  students.  Un- 
til recent  years,  courses  in  chemistry  were  planned 
to  meet  college  entrance  requirements  and  non-colleg 
students  were  forced  to  take  courses  which  had  neith 
er  interest  nor  practical  value  for  them. 

At  the  present  time  certain  high  schools  are  of 
fering  practical  courses  in  chemistry  which  a pupil 
may  apply  to  his  home  life,  to  his  vocation,  to  his 
understanding  of  creative  forces,  to  health,  and  to 
his  relation  to  society.  These  courses  include 
household  chemistry  for  girls,  industrial  chemistry 
for  boys  and  practical  chemistry  for  both  boys  and 
girls . 

In  seeking  material  for  the  study  of  the  de- 
velopment of  non-college  chemistry  courses  the  writ- 
er has  not  been  able  to  find  books  dealing  wholly 
with  the  subject,  although  many  writers  have  pro- 
duced articles  treating  comprehensively  certain 
phases  of  the  subject.  School  Science  and  Mathe- 
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matics  and  the  Journal  of  Chemical  Education  and 
others  have  furnished  valuable  material.  An  in- 
vestigation of  the  situation  in  regard  to  practi- 
cal chemistry  by  Clarence  Stevens,  under  the  direc- 
tion of  Professor  Fred  Weersing,  School  of  Education, 
University  of  Southern  California  has  given  data 
which  have  been  of  great  help. 

The  writer  has  sent  questionaires  to  over  a 
hundred  science  teachers  to  find  out  the  number 

/ 

of  pupils  studying  practical  chemistry,  the  nature 
of  these  courses  being  taught  as  well  as  other  in- 
formation which  have  direct  relation  to  the  matter 
under  investigation. 
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I 

HISTORICAL  BACKGROUND 
OF  THE 

DEVELOPMENT  OF  CHEMISTRY 

(The  facts  given  here  are  taken  from 
’’The  High  School"  p.346-366  Monroe 
and  Weher.) 

1821  - Chemistry  First  Recognized . 

Science  was  not  a part  of  the  curriculum  of 
the  colonial  Latin  Grammar  School,  hut  a course 
having  the  title  "natural  philosophy"  was  offered 
in  many  of  the  private  grammar  schools.  As  early 
as  1726  hooks  began  to  appear  hy  this  title  or  hy 
similar  titles. 

By  1821,  when  the  Boston  English  Classical 
School  was  established,  chemistry  was  genera  ny 
recognized  as  a science  and  "natural  philosophy" 
was  required  in  the  last  year.  By  1824  two  years 
of  science  were  required.  In  1857  the  Massachu- 
setts Legislature  passed  laws  requiring  high  schools 
to  give  courses  in  "natural  philosophy",  chemistry 
and  botany.  For  towns  of  four  thousand  or  more  in- 
habitants, astronomy  and  geology  were  required  to 
be  taught . 

In  1867  a survey  was  made  which  showed  that 
chemistry  was  taught  considerably  in  city  schools. 
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In  a survey  in  the  north  central  states,  1860- 
1890,  it  was  found  that  chemistry  was  taught  in 
seventy-five  percent  of  the  schools. 

By  the  end  of  the  nineteenth  century  science 
began  to  appear  as  a college  entrance  requirement 
and  was  accepted  as  such  by  Harvard  University  in 
1876.  Even  as  late  as  1888  the  John  Green  School 
of  Science  at  Princeton  did  not  require  science 
for  admission  to  its  scientific  course  of  study. 

It  was  not  until  1895  that  science  was  required 
for  entrance. 

1895  - Report  of  the  Committee  of  Ten. 

In  1893  the  Committee  of  Ten  reported  "that 
there  should  be  no  difference  in  the  treatment  of 
physics,  chemistry  and  astronomy  for  those  going 
to  college  or  to  scientific  schools  and  those  go- 
ing to  neither'."  The  Committee  also  reported  "re- 
solved that  it  is  the  sense  of  the  Joint  Confer- 
ence that  at  least  one-fourth  of  the  time  of  the 
high  school  course  should  be  devoted  to  nature 
studies,  and  that  this  amount  of  preparation  should 


1.  Report  of  the  Committee  of  Ten  in  Secretarial 
School  Studies,  New  York:  American  Book  Com- 
pany, 1894.  p.118. 
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be  required  for  entrance  to  college5’  .~  In  the 
program  suggested  for  the  classical  curriculum 
the  Committee  allotted  three  periods  per  week  per 
year  for  chemistry. 

1899  - Report  of  the  Committee  on  College  Entrance 
Requirement  s . 

In  1899  the  Committee  on  College  Entrance  Re- 
quirements recommended  that  chemistry  be  taught  in 
the  fourth  year  and  that  it  be  allowed  at  least 

p 

four  periods  a week  throughout  the  school  year. 

1920  - Report  of  the  Committee  on  the  Sciences  of 
the  Committee  on  the  Reorganization  of  the  Secondary 

Schools . 

In  1920  the  Committee  on  the  Sciences  of  the 
Committee  on  the  Reorganization  of  Secondary  Edu- 
cation recommended  that  for  the  combination  junior 
and  senior  high  schools  and  for  comprehensive  high 
schools  of  over  five  hundred,  courses  in  chemistry 
including  general  chemistry  and  specialized  chemis- 


1.  Ibid,  p.141. 

2.  Report  of  the  Committee  of  College  Entrance  Re- 

quirements, Washington  National  Education  Asso- 
ciation, 1899.  p.23. 
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try  for  various  curricula  such  as  household  chem- 
istry, industrial  chemistry,  etc.  The  Committee 
also  recommended  that  medium  size  high  schools 
(less  than  five  hundred  pupils)  offer  a chemistry 
course  in  the  third  year  with  special  emphasis  on 
home,  farm,  and  industries.  For  small  high  schools 
(not  more  than  two  hundred  pupils)  they  recommended 
elective  chemistry  and  physics.1 

The  United  States  Bureau  of  Education  Statis- 
tics show  the  enrollment  of  chemistry  for  a number 
of  years . 

1895  1905  1915  19222 3 *  19285 

9.15#  6.76#  7.38#  7.40#  7.1# 


1.  Report  of  the  Committee  on  the  Reorganization  of 
Science  in  the  Secondary  Schools.  United  States 
Bureau  of  Education  Bulletin,  No.  26,  1920,  Wash- 
ington Government  Printing  Office,  1920. 

2.  Philips,  Frank  ft'.,  "Statistics  of  the  Public  High 

Schools  1921-22”.,  United  States  Bureau  of  Educa- 
tion Bulletin,  No.  7,  Washington  Government  Print- 
ing Office,  1924.  pp.46-47 

3.  Philips,  Frank  ft:.,  "Statistics  of  the  Public  High 

Schools  1927-28”.,  United  States  Bureau  of  Educa- 

tion Bulletin,  No. 35,  Washington  Government  Print- 
ing Office,  1929.  p.172. 
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II 

INFLUENCE  OF  THE  COLLEGE 


The  colleges  have  exerted  a great  influence 
on  high  school  chemistry.  In  order  to  meet  col- 
lege requirements,  high  schools  have  planned  their 
entire  course  for  the  needs  of  college  students. 


Report  of  The  Special  Commission  on  Education,  Massa- 


chusetts Senate . 

In  1919  a special  commission  was  appointed  to 
investigate  and  report  upon  the  support,  supervision, 
and  control  of  all  educational  institutions  directly 
and  indirectly  by  the  State.  It  reported: 

1.  "The  college  preparatory  course  is  not  a- 
dapted.  to  the  educational  need  of  any  but  a small  ma- 
jority of  high  school  students;  in  fact,  this  course 
needs  extensive  revision  even  for  the  majority." 

2.  "A  student  entering  high  school,  generally 
at  about  fourteen  years  of  age,  under  the  present  sys- 
tem of  college  entrance  requirements,  must  choose  be- 
tween a college  preparatory  course,  however  poorly  a- 
dapted  to  his  educational  needs,  and  other  courses 
which  appear  to  meet  his  needs  but  practically  close 
to  him  the  possibility  of  going  to  college." 

3.  "College  entrance  requirements  do  not  en- 
courage, or  even  permit,  students  to  devote  sufficient 
attention  to  subjects  specifically  designed  to  pre- 
pare them  for  the  duties  of  citizens." 

4.  "College  entrance  requirements  give  almost 
no  opportunity  to  prepare  for  the  effective  discharge 
of  home  making." 
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The  committee  ’’recommends  greater  flexibility 
in  college  entrance  requirements,  also  that  the 
preparatory  course  in  high  schools  be  adapted  to 
the  educational  needs  of  the  students  rather  than 
merely  to  fit  students  for  college  requirements’’  .- 


Subject  hatter  of  the  Course . 

In  comparing  the  subject  matter  of  first  year 
college  chemistry  with  the  subject  matter  of  high 
school  chemistry,  a survey  has  shown  considerable 
overlapping.  In  a report  of  the  study  of  twenty- 
six  high  schools  located  in  cities  of  10,000  and 
over  in  six  North  Central  States  compared  with 
forty-one  colleges  scattered  over  eleven  states 
Koos  found: 

1.  ’’Almost  all  courses  represented  both  in 
high  school  and  college  extend  over  a full  year. 

The  number  of  recitations  and  laboratory  periods 
per  week  tend  to  be  identical  in  the  two  institu- 
tions; but  in  the  aggregate  the  colleges  devote 
somewhat  morg  time  to  the  courses  because  of  long- 
er periods.”1'' 

2.  ”As  far  therefore  as  is  to  be  concluded 
from  the  analysis  of  texts  it  may  be  said  that,  al- 
though college  texts  are  more  extended  than  high 
school  texts,  the  relative  recognition  of  the  sev- 
eral subdivisions  does  not  differ  widely,  except- 
ing that  the  former  stress  compounds  (especially 
their  preparation  and  properties)  the  rarer  elements, 
and  principles,  more  than  do  the  latter,  while  the 
latter  make  more  of  used  (both  of  elements  and  com- 
pounds) organic  materials,  and  pedagogical  features 
such  as  questions  and  summaries.  Furthermore  the 
similarities  far  exceed  the  differences. 


1.  Report  of  the  Special  Commission  on  Education, 
Massachusetts  Senate,  January,  1919.  pp. 75-76. 

L.Koos  ’’Overlapping  in  High  School  and  College.” 
Journal  of  Educational  Research  XI,  May,  1925. 
pp . 323-324. 
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3.  ’’Even  when  allowance  is  made  for  the  larger 
number  of  sub  experiments  introduced  into  the  college 
manuals,  it  must  be  admitted  that  the  laboratory  por- 
tion of  college  and.  high  school  courses  in  chemistry 
resemble  each  other  vastly  more  than  they  differ  -- 
that  they  cannot  be  far  from  identical  in  major  as- 
pects . 

4.  ”lt  is  clear  from  the  comparisons  made 
that,  although  there  are  some  differences  between 
high  school  and  first  college  courses  in  chemistry, 
the  courses  are  in  reality  much  alike. 

"One  thing  has  been  accomplished  which  is  both 
positive  and  lasting;  an  attitude  of  permanent  and 

violent  antipathy  has  been  established 

Prom  the  psychological  point  of  view,  therefore,  it 
is  very  unscientific  to  ignore  the  student’s  previ- 
ous training. "2 

A test  was  prepared  by  Fred  Mabee  from  the  syl- 
labus for  first  year  college  chemistry  outlined  by 
the  Division  of  Education  of  the  American  Chemical 
Society.  There  were  ninety-five  items  in  the  test 
which  was  given  to  three  selected  high  schools  and 
three  colleges.  The  results  showed  an  overlapping 
of  the  scores  of  high  school  and  college  students. 

One  higji  school  surpassed  one  college  and  practi- 
cally tied  another.  "Thirty-one  percent  of  all  the 
high  school  students  were  above  the  median  of  all 


1.  Ibid.  pp. 327-330 

P.M.Glasoe  "The  Deadly  Parallelism  Between  High 
School  and  College  Courses  in  Chemistry". 
Journal  of  Chemical  Education,  VI,  March,  1929. 
p .508 . 


2. 
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of  all  the  college  students. 
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nAt  present  a considerable  part  of  the  first 
year  college  course  is  in  reality  a high  school 
course  and  those  pupils  who  have  had  high  school 
chemistry  repeat  in  large  measure  the  work  they 
have  had  the  previous  year 


1.  F.Mabee,  "A  Test  of  Achievement  in  College. 
Chemistry  and  Results  Obtained  by  its  use  with 
Both  High  School  and  College  Classes."  Journal 
of  Chemical  Education.  2 November,  1925.  p.1002. 

2.  M. Stubbs,  "The  Place  and  Problems  of  Chemistry 

in  the  High  School  Curriculum."  School  Science 
and  Mathematics,  27  October,  1927.  p.747. 
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III 

SITUATION  AS  IT  EXISTS 


Report  of  Stevens, 
University  of  Southern  California 


An  excellent  report  of  the  situation  in  re- 
gard to  practical  chemistry  is  made  by  Clarence 
Stevens.  The  investigation,  was  under  the  direc- 
tion of  Professor  Fred  J.  Weersing,  School  of  Ed- 
ucation, University  of  Southern  California. 

From  235  questiona ir es  to  representative  high 
schools  and  a f ew  colleges  of  the  United  States, 
Stevens  summarized  his  report  as  follows: 

"Number  and  Percentage  of  High  Schools 
Offering  Three  Types  of  Courses." 


College  Preparatory 

42 

47  .2$ 

Quazi-pand emic 

43 

48. 3$ 

Pandemic 

4 

4.5$ 

(Pandemic  is  a term  which  has  been  applied 
to  what  is  commonly  known  as  laical  or  practical 
chemistry . ) 

This  shows  that  the  trend  is  toward  the  middle 
ground. 


1.  C. Stevens,  "New  Courses  in  High  School  Chemis- 
try.” School  Science  and  Mathematics,  32  March, 
1932.  p .245  . 
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Report  of  Investigation  Made  by  Warren  and  Goding . 

Preliminary 

In  conjunction  with  Mr.  Ambrose  Warren,  (Head 
of  the  Science  Department,  Dorchester  High  School 
For  Boys,  Dorchester,  Massachusetts),  the  writer 
sent  a questionaire  to  103  high  schools.  Of  the 
103  questionaires  sent,  seventy  were  sent  to  schools 
in  Massachusetts  and  thirty-three  to  high  schools 
outside  of  Massachusetts.  Returns  were  received 
from  forty  local  schools  and  sixteen  out-of-state 
high  schools.  The  questionaire  was  sent  to  the 
city  schools  of  Massachusetts  and  the  larger  towns 
as  Arlington,  Beverly,  Framingham,  Norwood,  etc. 

The  out-of-state  schools  such  as  the  high  schools 
in  Detroit,  Cleveland,  Chicago,  New  York  City, 
Providence,  Hartford,  Portland,  dt-s..  These  -aoheokc 
were  of  little  value  for  statistical  study  since 
the  number  returned  was  small  and  the  questionaires 
were  not  sent  back  completely  filled  out  in  many 
cases . 


The  Questionaire 

) Since  Mr.  Warren  was  interested  in  both  chem- 

istry and  physics,  the  writer  used  only  part  of  the 
questionaire.  The  questionaire  follows: 
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QT3ESTI0NAIRE 

School Answered,  by 


Address  Position 


Boys  Girls  Total 

Enrollment 


Wherever  possible  indicate  your  answer 
by  a check  (v)  mark  in  the  proper  column. 


Yes  No 


5.  Do  you  have  sections  in  chemistry  in- 
tended primarily  for  pupils  preparing 
to  enter  college  or  normal  school? 


6.  What  is  the  enrollment  in  these  sec- 
tions  

7.  Do  you  have  sections  in  chemistry  in- 
tended primarily  for  pupils  in  the  gen- 
eral, commercial,  or  industrial  courses? 

8.  What  is  the  enrollment  in  these  sec- 
tions 


9.  What  text  book  do  you  us  e in  each  of  the 
above  sections? 


10. 


Have  you  objective  evidence  that  differ- 
entiation in  courses  such  as  is  indicate 
in  Nos.  3,  5,  7,  and  9 above  has  in- 
creased the  total  enrollments  in  science 
in  your  school? 


1 
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QUEST  1 01IAI  RE 
( Cont  irmed) 


Yes  No 

11.  Have  you  objective  evidence  that  dif- 

ferentiation in  courses  such  as  is  in- 
dicated in  Nos.  3,5,7,  and  9 above  has 
decreased  the  percentage  of  failure  in 
science  in  your  school? 

12.  If  you  have  courses  as  indicated  in 
Nos.  7 and  9 above,  do  they  differ 
from  the  college  preparatory  courses  in 

a.  Being  less  mathematical? 

b.  ^eing  less  technical? 

c.  Being  more  practical? 

d.  Being  more  descriptive? 

e.  Making  use  of  the  project  method?__ 

f.  Having  a smaller  percentage  of  lab- 
oratory work? 

g.  Having  a greater  percentage  of  lab- 
oratory work? 

h.  Introducing  more  industrial  applica- 

t ions  ? 

i.  Having  greater  coordination  with 

other  subjects  in  the  program  of 
studies,  such  as  shop  work,  tex- 
tiles, etc.? 

j.  Making  greater  us e of  visual  educa- 
tional methods? 
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Summary  of  Numerical  Data  in  the 
Questionaire 

1.  Total  enrollment  of  schools  for  which 
figures  are  available.  74,973 

2.  Number  of  pupils  studying  chemistry.  6030 

3.  Percentage  of  pupils  studying  chemis- 
try. 8.04 

4.  Percentage  of  chemistry  pupils  enrolled 

in  college  preparatory  classes.  50.83 

5.  Percentage  of  chemistry  pupils  enrolled 

in  non-college  courses.  49.17 


Conditions  in  Certain  High  Schools  Regarding  the 

Number  Studying  Chemistry . 

These  examples  are  given  to  show  that  only  a 
small  number  of  the  pupils  are  taking  chemistry. 
In  the  schools  mentioned,  most  of  these  students 
are  taking  the  college  preparatory  course. 


1.  In  a school  of  1531  there  are  only  84  pu- 

pils studying  chemistry  and  these  are  all  tak- 
ing the  college  preparatory  course. 


2 


In  a school  of  1498,  there  are  only  53  pu- 
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pils  studying  chemistry.  Of  these  28  are 
enrolled  in  a college  preparatory  class  and 
25  in  a non-college  class. 

3.  In  a comprehensive  high  school  of  3050 
there  is  no  chemistry  of  any  kind  taught. 

4.  In  a school  of  918  there  are  100  pupils 
studying  chemistry  and  these  are  all  taking 
the  college  preparatory  course. 

5.  In  a high  school  of  2081  there  is  no  chem- 
istry taught. 

6.  In  a school  of  2400  there  are  225  pupils 
studying  chemistry  and  these  are  all  taking 
the  college  preparatory  course. 


The  following  examples  show  that  a much  larger 
percentage  of  the  total  enrollment  of  pupils  is  tak- 
ing chemistry . In  these  schools  it  also  shows  that 
of  those  taking  chemistry,  a large  number  is  taking 
practical  chemistry. 


1.  In  a school  of  570  there  are  90  pupils 

studying  chemistry.  Of  these, 30  are  enrolled 
in  the  college  preparatory  course  and  60  in 
the  non-college  courses. 
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2.  In  a school  of  2215  there  are  357  pu- 
pils studying  chemistry.  Of  these,  176  are 
in  the  college  preparatory  course  and  181  in 
the  general  chemistry  courses. 

3.  In  a school  of  704  there  are  174  pupils 
enrolled  in  the  chemistry  classes.  Of  these, 
50  are  in  the  college  preparatory  course  and 
125  in  the  non-college  courses. 

4.  In  a school  of  385  there  are  111  pupils 
studying  chemistry.  There  are  48  in  the  col- 
lege preparatory  course  and  63  in  the  non- 
college course. 

5.  In  a school  of  1593  pupils  there  are  235 
studying  chemistry, of  which  35  are  in  the  col 
lege  preparatory  course  and  200  in  the  practi 
cal  course, 

6.  In  a school  of  741  there  are  101  pupils 
studying  chemistry.  Of  these,  41  are  study- 
ing college  preparatory  chemistry  and  60  non- 
college chemistry. 

Summary  of  Non-Numerical  Data 


1 


Objective  evidence  that  differentiation 
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in  college  and  non-college  courses  has  increased 
the  total  enrollment  in  science  in  your  school. 
Yes  - 45$  No  - 55$ 


2.'  Objective  evidence  that  this  differentia- 

tion has  decreased  the  percentage  of  failure  in 
science  in  your  school. 

Yes  - 45$  No  - 55$ 


3.  Do  the  practical  courses  differ  from  the 

college  preparatory  in; 


Yes  No 
Percent 


a. 

Being  less  mathematical 

95 

5 

b. 

Being  less  technical 

92  .5 

7 

c . 

Being  more  practical 

85 

15 

d. 

Being  more  descriptive 

76 

24 

e. 

Making  use  of  the  project  method. 

36 

64 

f . 

Having  a smaller  percentage  of 
laboratory  work 

46 

54 

g. 

Having  a greater  percentage  of 
1 abo  r at  o ry  wo  rk 

29 

71 

h. 

Introducing  more  industrial  ap- 
plications   

79 

21 

i . 

Having  greater  coordination  with 
the  other  subjects  in  the  pro- 
gram of  studies  such  as  shop  work, 
textiles,  etc 

60 

40 

j . 

Making  Greater  use  of  visual  edu- 
cat ion. 

40 

60 

i 
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Prom  this  subjective  data  it  is  evident  that 
the  non-college  chemistry  should  be  less  mathemati- 
cal, more  practical,  less  technical  and  that  more 
industrial  applications  and  descriptive  material 
should  be  included. 

Text  Books  Used  in  Chemistry  Classes 

From  this  investigation  it  is  found  that  fif- 
teen different  text  books  are  being  used  in  the 
schools  from  which  replies  were  received.  Black 
and  Conants'  "Practical  Chemistry"  is  the  book 
most  widely  (39  percent)  used  in  the  college  group. 
This  book  is  also  used  to  considerable  extent  (22 
percent)  by  non-college  classes.  Several  books  by 
Brownlee  and  others  were  second  in  choice.  In  the 
replies  to  the  questionaire  there  was  a noticeable 
absence  of  non-college  books.  There  were  tv/o  prac- 
tical books  in  the  li3t  but  these  were  used  by  few 
schools . 

For  information  concerning  books  on  practical 
chemistry  in  use  in  schools  the  writer  visited  ten 
of  the  leading  school  publishers.  With  one  excep- 
tion all  of  the  chemistry  books  of  these  publishers 
followed  the  college  entrance  board  outline.  A few 
of  these  publishers  had  books  of  a practical  nature. 


but  these  were  written  about  1912-1915  and  had  not 
been  revised  since  then.  Many  of  the  representa- 
tives of  the  publishing  companies  stated  that  there 
is  a need  for  a good  practical  chemistry  which  does 
not  follow  the  college  outline. 

These  conditions  were  also  found  by  Stevens^ 
when  he  reported  that  no  strictly  pandemic  text 
books  for  high  school  use  could  be  found.  The 
teachers  of  such  courses,  Stevens  found,  used  the 
standard  texts  omitting  certain  parts  and  substi- 
tuting other  material  in  their  place. 


1 


C. Stevens,  " A New  Course  in  High  School  Chemistry 
School  Science  and  Mathematics;  32  March,  1932. 
pp.  244-249. 
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IV 

CAUSES  FOR  TEE  DEVELOPMENT 
OF 

NON-COLLEGE  PREPARATORY  COURSES 

The  courses  in  practical  chemistry  have  de- 
veloped because  of  the  failure  of  the  college 
preparatory  courses  to  meet  the  needs  of  the  av- 
erage high  school  student.  The  realization  of 
failure  has  been  brought  about  by  the  smaller  per- 
centage of  pupils  going  to  college  from  the  high 
school,  lack  of  interest  in  the  chemistry  course, 
the  growth  of  large  industries  and  the  arousal  of 
chemical  consciousness  since  the  '.Vorld  War. 

Increased  Enrollment  of  the  High  School 

In  these  days  of  economic  depression  there  is 
a smaller  number  of  pupils  attending  college  because 
of  lack  of  funds.  In  1930  in  430  colleges  and  uni- 
versities there  were  584,650  students  attending,  and 
in  1932  there  we re  558,290  students.  These  figures 
show  a decrease  of  4.5^  in  the  enrollment."  On  the 


1 


R.Walter,  "Statistics  of  Registration  in  Ameri- 
can Universities  and  Colleges  in  1932",  School 
and  Society,  36. December  10,1932.  p.737. 
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other  hand,  a much  larger  number  of  pupils  is  at- 
tending the  high  schools.  In  1932  there  was  an  in- 
crease of  5.5$  of  students  in  the  junior  and  senior 
schools  over  the  enrollment  in  1931.'  in  the  Boston 
high  schools  there  was  an  increase  of  25.4$  from 
1928  to  1933.“'  With  the  increased  enrollment  it  has 
been  found  necessary  to  provide  courses  of  a practi- 
cal nature  for  these  pupils. 

Interest  in  Chemistry 

The  lack  of  interest  in  high  school  chemistry 
has  already  been  proved  by  the  statistics  taken  from 
the  United  States  Bureau  of  Education  which  show  the 
decrease  in  percentage  of  students  studying  chemis- 
try. Educators  realize  that  courses  in  chemistry 
should  be  less  mathematical,  less  technical,  etc., 
for  those  not  going  to  college.  In  some  school  sys- 
tems courses  given  failed  to  attract  pupils  because 
of  the  mass  of  unrelated  material,  the  uninteresting 
problems,  poor  text-books,  and  the  mass  of  material 
to  be  mastered. 


1.  "School  Enrollment  in  1932",  American  School 
Board  Journal,  85.  November,  1932.  pp. 45-46. 

2.  School  Document  Number  7,  Boston  Public  Schools, 
1932.  p .7  . 


Another  important  factor  in  the  development 
has  been  the  awakening  of  chemical  interest  since 
the  World  War.  The  progress  of  science  in  indus- 
try has  been  brought  before  the  public  by  means  of 
newspapers,  magazines,  books,  lectures,  and  radio. 
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V 

CONTENTS  OP  PRACTICAL  COURSES 
IN 

CHEMISTRY 

Household  Chemistry  for  Girls 

A Committee  of  the  American  Chemical  Society 
reported  in  1923  that  there  is  a need  of  chemistry 
courses  for  those  not  going  to  college.  This  com- 
mittee also  reported  that  one  of  the  objectives  of 
chemistry  is 1  11  to  show  the  service  of  chemistry  to 
the  home,  to  health,  to  medicine,  to  agriculture, 
to  industries,  etc.  In  a word  to  show  the  service 
of  chemistry  to  the  nation.’’  ^ 

With  this  as  an  objective  some  schools  are  of- 
fering c curses  in  chemistry  for  girls.  The  students 
find  this  course  of  much  more  value  than  the  regular 
college  preparatory  courses.  A course  of  this  kind 
is  offered  in  the  South  Side  High  School,  Newark, 

New  Jersey.  An  excellent  description  of  this  course 
is  given  by  Mr.  Charles  Dull  in  School  Science  and 
Mathematics  (pp. 841-5),  for  December,  1920.  A list 


1.  B.S. Hopkins,  ”A  National  Standard  Minimum  Course 

in  Chemistry‘S  School  Science  and  Mathematics, 
24.  March,  1924.  p.23£. 
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of  some  of  the  experiments  undertaken  will  give  a 
good  idea  of  the  material  studied  in  this  course 
for  girls: 

13.  Preparation  and  study  of  hard  water. 
Softening  of  hard  water. 

14.  Tests  for  simple  impurities  in  drinking 
water. 

17.  Test  for  proteins  in  several  foods. 

19.  Milk;  Babcock  Test;  lactometer  test; 
preparation  of  pasturized  milk;  effect 
of  rennen  (Junket  tablets) 

20.  Preparation  of  baking  powder.  Test  for 
commercial  powders  . 

22.  Test  for  adulterants.  Selections  are 
made  from  the  following: 

(a)  Starch  and  gelatin  in  ice-cream 

(b)  Tumeric  in  mustard 

(c)  Ooal-tar  colors  in  candy;  jellies 

cr  butter 

(d)  Chicory  or  cereals  in  coffee 

(e)  Cotton  seed  oil  in  olive  oil 

(f)  Oleomargarin  or  process  butter  for 
butter 

(g)  Copper  salts  in  canned  vegetables 

(h)  Adulterants  in  vanilla  or  lemon  ex- 
tract 

(i)  Adulterants  in  maple  syrup 

(j)  Glucose  in  candy 

(k)  Manufactured  vinegar  for  cider 
vinegar 


. 


, 

. 
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23.  Test  for  rancidity  of  butter  or  olive  oil. 

26.  Test  for  caffein  from  coffee;  thein  from 
tea;  test  for  Kaffee  Hag. 

29 . Determine  purity  of  baking  soda  and  cream 
of  t art  er  . 

32.  Examination  of  fibers;  action  of  chemicals 
on  linen,  wool,  silk,  and  cotton. 

33.  Analysis  of  mixed  fibers. 

35.  Removal  of  stains;  ink,  grease,  grass,  cof- 
fee, tea,  fruit,  vaseline,  mildew,  iodin. 

(There  are  forty  topics  in  Dull’s  list) 

Industrial  Chemistry  for  Boys 

In  some  of  the  larger  cities  excellent  indus- 
trial chemistry  courses  are  given  for  boys.  Voca- 
tional schools  are  offering  related  chemistry  to 
pupils  in  all  trades  where  the  knowledge  of  chemis- 
try may  be  of  practical  value.  The  amount  of  chem- 
istry taught  varies  with  the  trade  and  is  presented 
according  to  the  administrative  policy  of  the  direc- 
tor. Chemistry  as  a trade  offers  the  opportunity  to 
get  valuable  industrial  experience  and  enough  know- 
ledge of  chemistry  for  advancement  in  the  chemical 
world  if  further  education  is  secured.  The  course 
of  study  for  Industrial  Chemistry,  Community  High 
School,  Granite  City,  Illinois,  follows:" 


1. 


M. Spencer,  "Chemistry  in  Vocational  High  Schools 
of  the  Middle  .Vest".  Journal  of  Chemical  Educa- 
tion 8,  April,  1931.  pp. 713-714. 
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Freshman 


First  Semester 

English  I 
Arithmetic  I 
Physiology  I 
Drawing  I 

Industrial  Chemistry  I 


Sophomor  e 

English  III 
Algebra  I 
Physics  I 
Soc iology 

Industrial  Chemistry  III 


Junior 

English  V 
Plane  Geometry  I 
American  History  I 
Physics  III 

Industrial  Chemistry  V 


Senior 

English  VII 
Electric  Shop  I 
Algebra  III 
Drawing  III 

Industrial  Chemistry  VII 


Second  Semester 

English  II 
Arithmetic  II 
Physiology  II 
Drawing  II 
Industrial 

Chemistry  II 


English  IV 
Algebra  II 
Physics  II 
Civics 
Industrial 

Chemistry  IV 


English  VI 
Plane  Geometry  II 
American  History  II 
Physics  IV 
Industrial  Chem- 
istry VI 


English  VIII 
Electric  Shop  II 
Trigonometry  I 
Drawing  IV 
Industrial 

Chemistry  VIII 


A complete  description  of  chemistry  in  vocation' 
al  schools  of  the  middle  west  is  given  by  Mabel 
Spencer  In  the  Journal  of  Chemical  Education  for 
April,  1931,  In  this  course  of  study  the  plant 


1 


Ibid.  Pp.  714-715 
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method  is  used  and  the  pupil  is  taught  to  use  an 
electric  oven,  balance,  hydrometer,  and  the  slide 
rule.  Industrial  samples  are  used  whenever  possi- 
ble. The  courses  taught  include  general  chemistry, 
quantitative  analysis,  the  elementary  parts  of  qua- 
litative analysis,  industrial  and  some  organic  chem- 
istry. 

On  integral  part  of  the  course  consists  of  vi- 
siting typical  industries  of  the  city  such  as:  The 

American  Steel  Company,  The  St.  Louis  Coke  and  Gas 
Company,  The  General  Steel  Casting  Company,  The 
Swift  Packing  Company,  and  the  Owen  Illinois  Glass 
Company.  Here  the  students  see  chemistry  at  work. 
The  boys  are  encouraged  to  read  the  available  chem- 
ical magazines:  Chemical  and  Metallurgical  Engineer 

ing.  Industrial  and  Engineering  Chemistry,  and  the 
Journal  of  Chemical  Education. 

Charts  of  all  kinds  are  used  on  the  walls  of 
the  chemistry  rooms  and  the  periodic  table  and  the 
various  handbooks  are  used  from  time  to  time.  Each 
week  the  students  are  required  to  write  a theme  on 
a chemical  subject  of  his  own  choosing  so  that  he 
will  be  able  to  express  chemical  information  in  a 
a clear  and  interesting  manner. 

The  most  decided  difference  between  the  voca- 
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tional  and  the  academic  course  is  in  the  method 
of  instruction.  In  the  vocational  course  the  stu- 
dent progresses  at  his  own  rate  (job  sheet  method). 
Students  are  not  recommended  for  positions  unless 
the  shop  instructor  is  satisfied  that  the  boys  are 
fitted  to  fill  the  positions,  regardless  of  the 
time  spent  in  preparation.  The  average  boy  spends 
twenty  50-minute  periods  a week  for  four  semesters 
in  these  shops . 

In  all  chemically  industrial  communities  the 
range  of  chemistry  is  wide,  therefore  specialized 
courses  are  avoided.  It  is  impossible  to  predfct 
the  exact  chemical  situation  that  the  boy  will  meet, 
so  a broad  chemical  knowledge  is  given.  It  is  point- 
ed out  to  the  boy  in  every  possible  way  that  to  suc- 
ceed in  chemistry  one  must  go  far  beyond  high  school 
or  even  college  and  that  work  and  ability  are  essen- 
tial for  success  in  this  line. 

Vocational  chemistry  is  correlated  with  English 
in  his  chemical  reading,  writing  and  oral  expression. 
In  mathematics  there  is  a direct  correlation  in  solv- 
ing chemical  problems  and  plotting  chemical  data. 

Every  opportunity  is  used  to  show  the  pupil  that  these 
subjects  as  well  as  other  subjects  will  aid  him  in  be- 
coming a successful  chemist. 
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Practical  Chemistry  for  Both  Boys  and  C-irls . 

It  is  evident  that  in  the  small  high  school 
it  is  not  possible  to  have  vocational  chemistry 
for  boys,  household  chemistry  for  girls,  etc.  If 
there  is  a sufficient  number  of  pupils  to  have  two 
divisions  of  chemistry  there  is  nothing  to  prevent 
dividing  this  number  into  a college  preparatory 
group  and  a non-college  group.  Such  a course  would 
include  the  practical  applications  of  chemistry 
stressing  such  topics  as: 

1.  Chemical  changes  in  everyday  life. 

2.  The  ten  elements  necessary  for  life. 

3.  The  relation  of  chemistry  to  human 
health. 

4.  Uses  of  chemistry  in  the  home. 

5.  Applications  of  chemistry  to  our  daily 
life. 

6.  How  chemistry  is  applied  in  industries. 

7.  How  chemistry  contributes  to  the  welfare 
of  society. 

8.  The  relation  of  chemistry  to  the  progress 
of  civilization. 

The  results  of  investigation  show  that  there  are 


Chosen  from  the  list  in  National  Society  for  the 
Study  of  Education.  Thirty-first  year  Book.pp. 
264-265  (also  The  North  Central  Association  Quar- 
terly, March,  1931.) 


31 


few  good  texts  for  a course  in  practical  chemistry. 
Until  such  time  as  there  are  numerous  good  texts  it 
will  be  necessary  to  use  several  sources  of  informa- 
tion. As  a practical  suggestion,  there  are  five  ex- 
cellent books  offered  at  a special  rate  by  the  Ameri- 
can Chemical  Society  (committee  on  prize  essays). 

The  books  are: 

1.  "Creative  Chemistry"  - Edwin  Slosson. 

2.  "Life  of  Pasteur"  - R.  Vallery  Radot . 

3.  "Riddle  of  the  Rhine"  - Victor  Lefebure. 

4.  "Discovery,  or  the  Spirit  and  Service  of 
Science."  - Sir  George  Gregory. 

5.  "The  Future  Independence  and  Progress  of 
American  Medicine  in  the  Age  of  Chemistry." 
A committee  of  American  Scientists. 

If  the  five  books  were  bought  for  each  pupil, 
the  total  cost  would  be  but  little  more  than  the  u- 
sual  cost  of  a standard  text  book.  If  individual 
laboratory  facilities  are  available,  correlated  ex- 
periments should  be  undertaken.  If  these  facilities 
are  not  available,  correlated  demonstrations  should 
be  an  integral  part  of  a practical  course  in  chemis- 
try. 
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VI 

ADVANTAGES  OF  C OJRSES 
IN 

PRA CTI C AL  CHEM I STRY 

Practical  chemistry  offers  great  service  to 
individuals  send  to  society.  It  provides  knov/ledge 
and  training  for  the  individual  which  will  help  him 
to  attain  his  highest  development  and  will  enable 
him  to  fulfill  his  obligations  to  himself  and  through 
this  development  make  him  a useful  member  of  society. 
With  its  unlimited  resources,  chemistry  promotes 
health,  improves  home  life,  serves  as  a vocational 
guide,  helps  to  prepare  for  and  to  improve  citizen- 
ship, aids  the  development  of  character  and  provides 
means  for  the  worthy  use  of  leisure.  Practical  chem- 
istry offers  a training  which  fulfills  the  aims  of 
secondary  education  as  given  in  its  Cardinal  Prin- 
ciples . ' 

Chemistry  and  Health 

Since  health  is  of  great  importance  during  the 
high  school  age,  chemistry  provides  information  and 


The  ideas  as  used  here  as  suggested  by  Hatti  Haub, 
"How  to  Teach  Secondary  Chemistry  and  Allied  Sci- 
ence". pp. 52-72. 


1. 
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training  which  will  lead  to  the  appreciation  and 
understanding  of  the  chemical  reactions  that  take 
place  in  the  "body  . The  condition  of  this  labora- 
tory is  largely  controlled  by  him,  in  the  kind  of 
food  he  eats,  how  he  eats,  when  he  eats  it,  how 
it  is  digested  and  how  the  waste  material  is  dis- 
posed of. 

An  individual  who  has  been  taught  the  scienti- 
fic principles  of  good  health  can  be  of  great  ser- 
vice in  improving  health  conditions  in  the  communi- 
ty. He  may  use  the  knowledge  which  he  has  gained 
in  high  school  to  enable  him  to  promote  such  pro- 
jects as:  making  safe  the  water  supply,  proper  dis- 

posal of  sewage,  and  safeguarding  the  community  with 
a pure  and  wholesome  milk  supply. 

Chemistry  and  Worthy  Home  Membership . 

Courses  in  practical  chemistry  provide  boys  or 
girls  with  knowledge  which  makes  them  better  home 
members.  The  pupil  who  is  taught  at  school  the  value 
of  right  eating  is  a better  individual  to  live  with 

• i 

in  the  home  because  he  will  cooperate  with  those  who 
are  working  for  his  best  interests  in  this  particular 
phase  of  living.  There  will  be  no  rebellion  against 
eating  fruit,  vegetables,  milk,  salads,  etc.. 


as  well 
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as  meat  and  potatoes,  and  he  will  realize  that  sweets 
alone  are  not  a proper  diet. 

There  are  innumerable  opportunities  in  which  a 
girl  can  be  helpful  in  the  home  through  her  knowledge 
of  practical  chemistry.  She  will  be  taught  the  cor- 
rect use  of  a gas  flame,  proper  cooking  of  food,  the 
best  type  of  cooking  utensils,  the  correct  use  of 
household  water  filters,  value  of  alcohol  as  a sol- 
vent but  its  harm  as  a beverage. 

Chemistry  and  Vocation. 

The  vocational  value  of  the  information  received 
in  a good  chemistry  course  is  invaluable.  The  stu- 
dent learns  of  many  industries  and  the  types  of  work 
open  to  a chemist  at  these  plants.  A practical  chem- 
istry course  provides  magazine  articles,  books, 
trips  to  industrial  plants,  motion  pictures,  etc., 
so  that  the  student  gains  information  which  may  help 
him  to  decide  what  he  desires  to  do  for  his  life  work. 

Chemistry  and  Citizenship 

A good  citizen  works  in  harmony  with  his  fellow 
neighbors.  In  chemistry,  many  experiments  are  per- 
formed by  students  working  together.  They  learn  to 
to  cooperate  with  each  other  in  the  handling  of  re- 
agents, of  apparatus  and  the  assembling  of  material. 
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Through  his  knowledge  of  chemistry  the  student 
will  understand  the  value  of  local,  state  and  nation- 
al projects  for  the  conservation  of  health,  preven- 
tion of  disease,  and  preservation  of  natural  resources, 
and  will  be  better  fitted  to  carry  on  this  work  as  an 
adult  citizen.  He  will  also  be  shown  the  necessity 
of  maintaining  local,  state  and  government  labora- 
tories to  carry  out  these  programs. 

In  a world  upset  by  so  many  serious  problems, 
he  will  hear  arguments  for  peace  on  one  hand  and  for 
greater  preparation  for  vr  r on  the  other.  A good  ci- 
tizen must  decide  whether  newly  discovered  chemicals 
shall  be  used  for  warfare  and  destruction  or  for  the 
betterment  of  mankind. 

Chemistry  and  Ethical  Character. 

Chemistry  offers  many  opportunities  for  the  stu- 
dent to  develop  ethical  character.  Honesty  is  one 
of  the  essential  qualities  for  success.  He  must  learn 
to  record  the  results  of  his  experiments  accurately, 
to  reason  rather  than  to  accept  doubtful  authority, 
to  question  patent  medicines,  to  be  suspicious  of 
’’high  pressure"  newspaper  and  magazine  advertisements, 
and  to  have  too  high  an  ideal  to  sell  his  chemical 
knowledge  for  unlawful  purposes. 
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The  honest  industrial  chemist  strives  to  a- 
void  v^aste  and  to  utilize  by-products  so  as  to  put 
a good  article  on  the  market  at  the  lowest  possible 
price.  On  the  other  hand,  the  shyster  chemist  puts 
harmful  or  valueless  products  i ft  r the  market  at  an 
extremely  high  price  for  the  unthinking  and  untrained 
public  to  buy. 

Many  industrial  concerns  are  conducted  today  on 
sound  ethical  principles.  As  an  example,  a large 
match  company,  when  the  phosphorus  match  was  made 
unlawful,  offered  the  use  of  its  phosphorus  free 
formula  to  any  company,  in  order  to  prevent  danger 
to  workmen. 

The  work  of  many  eminent  scientists  could  be 
mentioned  who  unselfishly  gave  their  discoveries 
for  the  use  of  mankind.  This  was  the  motive  of 
Doctors  Best  and  Bunting  who  gave  to  the  world  their 
discovery  of  insulin  for  controlling  diabetes.  To 
many,  the  work  of  Louis  Pasteur,  Charles  Martin  Hall, 
William  Perkin,  Antoine  Lavoisier,  Sir  Humphrey  Davy, 
Robert  Bunsen,  and  the  Curies  is  well  known  because 
of  its  great  service  to  humanity.  Today  such  names 
as  Antony  Leeuwenhoek,  Lazzare  Spallanzi,  Robert 
Koch,  Elie  Metchnekoff,  Emil  Roux,  Theobald  Smith, 
David  Bruce,  Ronald  Ross,  Walter  Reed,  and  Paul 
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Ehrlich  are  receiving  full  recognition  for  their 
pioneer  work  in  saving  human  life. 

Chemistry  and  the  7/0rthy  Use  of  Leisure. 

On  account  of  shorter  working  hours,  people  to- 
day have  a great  deal  of  leisure  time.  A course  in 
practical  chemistry  offers  several  ways  in  which  we 
can  use  this  free  time  in  a whorthwhile  manner. 

Many  pupils  of  chemistry  find  a home  laboratory 
a source  of  much  pleasure.  Often  in  making  a home 
museum  many  fine  things  are  accomplished.  A new  and 
broader  interest  is  developed  in  agricultural  pro- 
jects and  the  chemistry  of  plant  and  animal  life. 
Photography  and  the  home  developing  laboratory  of- 
fer hours  of  worthwhile  pleasure.  Chemistry  stimu- 
lates wider  reading,  induces  visits  to  industrial 
plants,  industrial  exhibits,  and  museums.  All  of 
these  afford  both  pleasure  and  profit  for  leisure 


hours . 
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VII 

THE  FUTURE  OF  CHEMISTRY 
IN 

THE  HIGH  SCHOOLS 

There  is  a need  of  definite  reorganization  in 
the  teaching  of  chemistry  in  the  high  school,  if 
there  is  to  be  progress,  and  advancement  in  chemis- 
try. To  prevent  the  overlapping  of  high  school  and 
college  chemistry,  to  solve  the  problem  of  over- 
crowded school  buildings,  and  to  make  chemistry 
more  attractive  to  high  school  pupils,  there  is 
need  of  the  establishment  of  the  junior  college. 
Another  plan  for  reorganization  would  be  the  study 
of  chemistry  for  more  than  a year  in  order  to  allow 
for  a course  in  practical  chemistry.  It  has  been 
suggested  also,  that  there  should  be  a combination 
of  all  sciences  into  a four-year  course  of  science, 
in  order  to  give  the  pupils  the  most  worthwhile 
preparation  for  life. 

Establishment  of  Junior  College 

The  reorganization  of  chemistry  in  the  high 
school  can  be  partially  accomplished  by  the  forma- 
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tion  of  junior  colleges.  According  to  Stubbs" 
the  linking  of  the  senior  high  school  and  the  ju- 
nior college  would  help  to  overcome  some  of  the 
difficulties  which  no w exist.  For  example,  the 
overlapping  of  high  school  and  college  chemistry 
would  probably  be  eliminated,  if  the  same  teachers 
would  teach  both  groups  of  students  . The  problem 
of  over-crowded  high  school  buildings  might  be 
solved  by  the  formation  of  a junior .college . More 
pupils  might  be  interested  in  chemistry  if  they 
could  study  a more  practical  chemistry  in  high 
school  and  take  up  the  more  technical  chemistry  in 
junior  college.  This  plan  would  make  it  possible 
to  give  high  school  students  a more  practical  course 
in  chemistry. 

Chemistry  for  More  than  One  Year. 

2 

Another  suggestion  is  made  by  Clarence  Stevens 
who  writes  that  chemistry  should  be  extended  to  eith- 
er a year  and  a half,  or  better  still,  to  a two-year 
subject.  It  is  proposed  by  Stevens  that  a course  in 


1.  M. Stubbs,  uThe  Place  and  Problems  of  Chemistry 
in  the  United  States.11  School  Science  and  Mathe- 
matics 27.  pp  .741-748. 

2.  C. Stevens,  MA  New  Course  in  High  School  Chemis- 
try". School  Science  and  Mathematics  XXXII.  pp . 
244-249. 
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laical  or  pandemic  chemistry  be  offered  in  the 
tenth  year,  followed  by  an  elective  semester  of 
the  more  difficult  parts  of  chemistry  for  college 
preparation.  In  addition  to  this,  he  suggests 
that  a semester  of  qualitative  analysis  be  taught 
in  the  eleventh  grade. 

Combination  of  All  Sciences  into  a Four-Year  Course 

of  General  Science . 

The  most  practical  suggestion  of  any  offered 
is  that  of  Hattie  Haub.  Her  plan  seems  to  predict 
the  real  future  of  chemistry.  She  says  that  not 
only  will  there  be  meetings  of  the  chemistry,  phy- 
sics, and  biology  teachers  in  separate  national, 
state  or  local  groups,  but  that  there  will  be  a 
meeting  of  science  teachers  who  will  take  from  all 
science  that  which  is  most  valuable.  Such  a course 
would  progress  through  the  high  school  as  English 
does,  and  might  be  known  as  Science  I,  Science  II, 
Science  III,  etc.  This  course  would  be  most  worth- 
while and  would  prepare  the  pupils  to  live  in  the 
world  of  today. 

"Before  executives  will  aid  in  incorporating 
such  a course  in  their  curriculum,  they  must  be 
shown  by  the  science  teachers  that  it  will  be  a vi- 
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tal  force  in  the  development  of  our  modern  youth 
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Science  of  Tomorrow . 

"Secondary  school  science  lias  a glorious  oppor- 
tunity, and  better,  has  the  means  and  power  to  use 
the  opportunity  to  her  honor  and  exhaltation,  and  to 
the  greater  service  of  humanity.  Never  before  has 
been  such  a need  for  that  which  science  can  give. 
With  thoughtful  conservation  it  can  be  claimed  that 
the  science  of  tomorrow  will  serve  the  masses  until 
they  have  been  raised  to  new  intellectual  attainments 
and  worthier  and  more  complete  living.  Science  will 
maintain  higher  public  health,  improve  the  ideals  of 
home  life,  guide  and  educate  vocationally,  increase 
democracy  and  brotherhood  among  men,  inculcate  true 
ideals  of  service  and  social  relations,  it  will  open 
the  door  to  many  useful  and  pleasurable  avocations 
and  lastly,  will  assist  in  the  development  of  ethi- 
cal character.  Thus  science  will  develop  the  inter- 
ests, habits  and  abilities,  teach  useful  methods  of 
solving  life  problems,  stimulate  and  inform  the  stu- 
dents' minds,  and  give  cultural  and  aesthetic  values. 
The  science  of  tomorrow  will  be  the  most  educative 
and  valuable  force  in  the  schools."^ 


1.  Hattie  Haub,  "How  to  Teach  Secondary  and  Allied 
Science."  pp. 265-266. 

2.  Harold  Dexter  Sylvester,  "Current  Tendencies  In 
Secondary  School  Science."  pp. 80-81.  Unpub- 
lished Masters  thesis  of  Boston  University, 
School  of  Education,  1950. 
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VIII 


SUM.' ARY 


In  this  study  of  the  development  of  the 
teaching  of  chemistry,  it  has  been  found  that 
practical  courses  were  necessary  for  the  non- 
college student.  The  student  v/hose  formal  edu- 
cation ended  with  his  graduation  from  high  school, 
found  little  interest  or  value  in  the  courses 
planned  especially  for  college  preparatory  stu- 
dents. His  need  was  for  courses  which  were  not 
too  technical  for  him  to  understand  and  which  he 
could  make  use  of  in  his  daily  life. 

The  history  of  the  teaching  of  chemistry  from 
1726  to  the  present  time,  shows  a gradual  develop- 
ment. At  first  chemistry  was  included  in  a course 
called,  "natural  philosophy",  and  in  1857  it  was 
required  by  legislation  to  be  taught  in  the  high 
schools  of  Fassachusetts . The  teaching  of  chemis- 
try became  more  extensive  and  by  the  end  of  the 
nineteenth  century,  chemistry  was  accepted  as  a 
unit  for  admission  to  college. 

Prom  the  time  chemistry  became  a college  en- 
trance unit,  courses  in  chemistry  have  been  domin- 
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ated  by  the  college.  Non-college  students  were 
obliged  to  take  the  same  courses  as  college  prepara- 
tory students.  In  1920  there  was  a definite  tenden- 
cy toward  a change  in  the  chemistry  course.  It  was 
recommended  that  the  courses  in  chemistry  include 
industrial  chemistry,  household  chemistry,  and  gen- 
eral chemistry.  It  was  also  recommended  that  in 
small  high  schools  there  should  be  a chemistry  course 
in  the  third  year,  which  would  emphasize  home,  farm 
and  industries.  ’.Vhile  no  definite  measures  were  a- 
dopted,  the  recommendations  offered  show  the  need  of 
practical  chemistry. 

It  has  already  been  pointed  out  that  the  courses 
in  chemistry  have  been  planned  to  meet  college  en- 
trance requirements.  High  school  chemistry  meets 
the  needs  of  only  a small  number  of  high  school  stu- 
dents . Text  books  are  often  written  from  the  col- 
lege point  of  view  for  the  use  of  college  prepara- 
tory students  and  not  for  those  who  will  end  their 
formal  education  with  the  high  school.  Is  it  any 
wonder  then,  that  the  large  number  of  non-college 
students  can  neither  grasp  nor  enjoy  their  work  in 
chemistry?  It  is  evident  that  there  is  need  of  re- 
vision of  both  chemistry  text  books  and  chemistry 
courses  for  high  school  students,  since  the  subject 
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matter  used  In  high  school  is  largely  repeated  in 
college  chemistry. 

As  a result  of  the  investigation  of  the  situa- 
tion which  now  exists  regarding  the  teaching  of  chem- 
istry in  high  schools,  it  has  been  found  that  the 
trend  is  to  modify  the  courses  to  include  more  prac- 
tical material.  The  fact  is  shown  In  the  report  of 
Clarence  Stevens,  who  sent  out  235  quest! onaires  to 
representative  high  schools  and  a few  colleges. 

From  a quest! onaire  sent  out  by  the  writer  in 
conjunction  with  Mr.  Ambrose  Warren,  Head  of  the 
Science  Department,  Dorchester  High  School  for  Boys, 
the  writer  found  that  from  a study  of  74,973  pupils 
enrolled  in  comprehensive  high  schools  8.04  percent 
are  studying  chemistry.  Of  these  50. $3  percent  are 
enrolled  In  college  preparatory . c lasses  and  49.17 
percent  are  enrolled  in  non-college  courses.  From 
the  data  which  is  subjective  in  nature,  it  is  evi- 
dent that  teachers  agree  that  practical  courses 
should  be  less  mathematical,  more  practical,  less 
technical,  and  that  more  industrial  applications 
and  descriptive  material  should  be  used. 

From  the  investigation  by  Stevens  and  by  the 
writer  it  was  found  that  there  are  few  books  -writ- 
ten for  practical  courses  in  chemistry  and  that  most 
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of  the  teachers  of  these  subjects  use  college 
preparatory  texts,  omitting  .certain  parts  and  sub- 
stituting other  material.  Very  few  of  the  publish- 
ers visited  by  the  writer  were  found  to  have  text 
books  of  a practical  nature,  but  most  of  them  a- 
greed  that  there  is  need  of  a good  practical  chem- 
istry book. 

In  seeking  the  causes  for  the  development  of 
practical  courses  in  chemistry  it  has  been  found 
that  the  economic  conditions,  lack  of  interest  in 
the  courses  as  planned  for  college  preparatory  stu- 
dents, the  awakening  of  chemical  interest  since  the 
World  War,  and  the  demand  in  industries  for  trained 
chemists  are  important  factors  in  the  change  which 
is  taking  place. 

The  economic  conditions  have  increased  the  en- 
rollment in  the  high  school.  It  is  reasonable  then, 
that  these  pupils  must  be  prepared  to  meet  life  with 
the  education  that  they  have  received  in  high  school 
and  that  for  the  majority,  chemistry  courses  must  be 
of  a practical  nature.  Text  books  are  needed,  which 
will  be  less  mathematical,  with  problems  of  a more 
practical  nature.  The  growth  of  large  industries 
and  the  progress  of  science  in  the  industry  has  a- 
wakened  an  interest  in  practical  chemistry.  The 
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World  War  has  made  the  people  conscious  of  the 
relation  and  service  of  chemistry  to  mankind. 

In  this  study  of  the  development  of  chemistry 
for  non-college  students  it  has  been  found  that 
practical  chemistry  courses  include  household  chem- 
istry for  girls,  industrial  chemistry  for  boys,  and 
practical  chemistry  for  both  boys  and  girls.  In 
school  Science  and  Mathematics,  Mr.  Charles  Dull 
gives  a description  of  a course  offered  for  girls 
in  the  South  Side  High  School,  Newark,  New  Jersey. 
This  course  includes  forty  experiments  of  value  to 
homemakers  such  as:  test  for  proteins  in  foods, 

preparation  of  pasturized  milk,  and  impurities  in 
water. 

In  the  Community  High  School,  Granite  City, 
Illinois,  a four-year  course  of  industrial  chemis- 
try is  given.  As  far  as  possible  the  other  sub- 
jects taught,  English,  Arithmetic,  Physics,  Alge- 
bra, Drawing,  etc.,  are  correlated  with  the  work 
in  industrial  chemistry.  A part  of  the  work  is  to 
visit  the  industries  of  the  city.  The  boys  are 
trained  to  fill  positions  in  the  laboratories  of 
these  and  other  industries  . 

The  year  book  of  the  National  Society  for  the 
Study  of  Education  suggests  a practical  chemistry 
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course  for  both  boys  and  girls  for  smaller  high 
schools.  Some  of  the  topics  included  in  this 
course  would  be:  chemical  changes  in  everyday 

life,  relation  of  chemistry  to  health,  the  -ser- 
vice of  chemistry  to  society. 

The  American  Chemical  Society  offers  five  ex- 
cellent books  at  special  rates  which  could  be  used 
as  texts  in  practical  chemistry,  unti}.  there  are 
more  good  books  written  especially  for  use  in  schools 
having  this  course.  The  list  includes:  Slossons* 

"Creative  Chemistry",  Radots ' "Life  of  Pasteur", 
Lefebures’  "Riddle  of  the  Rhine." 

In  an  age  v/hen  people  are  becoming  more  en- 
lightened in  the  application  of  chemistry  to  their 
daily  life,  courses  in  practical  chemistry  give 
valuable  help.  Practical  chemistry  promotes  health 
since  it  provides  information  about  food  and  the 
chemical  reactions  which  take  place  in  the  body. 

It  also  enables  an  individual  to  be  of  service  to 
the  community  in  promoting  health  projects.  Home 
life  will  be  improved  through  knowledge  gained  at 
school  in  this  subject,  and  will  make  the  home  a 
more  comfortable  and  happy  place  in  which  to  live. 

To  the  student  seeking  vocational  guidance, 
practical  chemistry  provides  information  that  will 
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help  him  to  choose  his  life  work.  Citizenship  will 
he  benefited  because  a student  will  learn  about  pro- 
jects for  the  conservation  of  health,  prevention  of 
disease,  and  the  preservation  of  natural  resources. 
He  will  learn  the  value  of  cooperation  because  his 
experiments  will  have  been  performed  with  his  fel- 
low students. 

Ethical  character  will  be  developed  by  the 
conscientious  student  who  is  taught  to  be  accurate 
in  his  v/ork,  to  avoid  waste,  to  handle  with  care 
materials  which  have  been  furnished  by  the  school. 

As  he  studies  the  work  of  eminent  scientists,  he 
will  realize  the  sacrifices  that  they  have  mode, 
the  risks  that  they  have  taken,  and  the  wonderful 
service  that  they  have  given  for  the  benefit  of  man- 
kind. Today  an  individual  is  judged  by  the  use 
which  he  makes  of  his  lei  sure,  and  practical  chemis- 
try provides  material  that  will  make  leisure  both 
profitable  and  pleasurable. 

In  this  survey  of  the  teaching  of  chemistry  in 
the  high  school,  the  development  of  chemistry  has 
been  traced  from  1726  to  the  present  day.  There  are 
problems  to  be  solved  and  there  is  much  that  can  be 
done  to  improve  the  present  conditions  and  to  pro- 
mote chemistry  in  the  future.  It  has  been  suggested 


49 


by  Stubbs  that  the  establishment  of  the  Junior 
College  will  help  to  overcome  some  of  the  present 
difficulties  and  will  make  it  possible  to  have  more 
practical  work  in  chemistry.  Stevens  believes  that 
chemistry  should  cover  a period  of  two  years.  His 
plan  would  also  provide  for  a course  in  practical 
chemistry.  Haub  predicts  that  a combination  of  all 
sciences  into  a four-year  course  of  science  will 
give  to  a pupil  all  that  is  profitable  in  science 
and  would  be  a benefit  to  his  whole  future  life. 

In  his  thesis  entitled,  ’’Current  Tendencies  in 
Secondary  School  Science.",  Sylvester  says  that  sci- 
ence has  the  opportunity,  the  means  and  the  power  to 
serve  the  masses  so  that  they  will  be  raised  to  new 
attainments  and  to  worthier  and  more  complete  living. 
He  says,  "The  Science  of  tomorrow  will  be  the  most 
educative  and  valuable  force  in  the  schools  I,x 
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